Biomechanical preparation, disinfection and obturation all together constitute equally important phases of the endodontic treatment [1] . Root canal treatment is based on cleaning, shaping and sealing the root canal system. Its main objectives are the elimination of residual pulp tissue, infected dentine and debris and the reduction of the number of microorganism from root canal system [2, 3] . Many nickel-titanium (NiTi) rotary instruments have been introduced in the last years. All these endodontic files produce dentine debris and a smear layer as a consequence of their action on root canal walls [4] . Debris contains vital and/or necrotic pulp tissue and dentinal chips that loosely attach to the root canal walls; it is usually infected [2] . The smear layer consists of dentine particles, remnants of vital or necrotic pulp tissues, bacterial components, and retained irrigants [5] . The smear layer is reported to prevent the penetration of irrigating solutions, medications and filling materials into dentinal tubules and many researchers believe that it is detrimental [6] . The design features of the cutting blade of endodontic instruments are important and may affect the cleansing efficiency of the instruments: as a rotary reamer works in a canal, the dentinal debris needs to be removed quickly and effectively [7] . Irrigation plays a key role in successful debridement and removing smear layer during preparation. Sodium hypochlorite (NaOCl) is an irrigant solution widely used in root canal treatment because of its antibacterial properties and ability to dissolve organic tissue. However, it's not effective in removing the inorganic smear layer. Ethylenediaminetetraacetic acid (EDTA) as a chelating agent can remove the smear layer [8] . Thus, a combination of NaOCl and EDTA has been reported to be suitable for removing both the organic tissue and the inorganic smear layer [9, 10] . EDTA acts upon the inorganic components of the smear layer and decalcifies the peri-and intertubular dentine and leaves the collagen exposed. Subsequently, the use of NaOCl dissolves the collagen, cleaning the dentinal walls [9] . Combined use of irrigating solutions and rotary instruments decreases
bacterial counts in the root canal when compared to standard instrumentation alone [10, 11] . The scanning electron microscope has proved to be a valuable method in the comparison of the remaining debris and smear layer on root canal wall after preparation with different instruments: several SEM studies revealed that NiTi rotating instruments associated to EDTA and NaOCl irrigation leave dentine surfaces substantially free from smear layer [12, 13] . The combination of NaOCl and EDTA favorites the removal of smear layer and the removal of a great portion of circumferential dentinal collagen and mineralized dentine from the surfaces of tubules, as confirmed by Foschi, et al. [13] . This means that absence of smear layer and presence of clean dentinal walls provide a reduction in bacterial count. An adequate mechanical NiTi instrumentation combined with chemical irrigation greatly reduces the microorganisms remaining in the root canal system [14] . Total removal of smear layer facilitates the diffusion of the irrigants and the medications to the root canal system [15] and then improves the adaptation of the filling materials to the root canal dentine, reducing apical and coronal microleakage of the root canal filling materials [6] . Investigations have shown that different morphology designs of rotary NiTi instruments result in variation in their debris removal and smear layer production [1, 7, 16] . The aim of the present study was to compare by SEM the debris and smear layer remaining on canal walls after preparation with Revo-S® (Micro Mega, Besancon, France) and CMA® (CFPM, Tremblay-en-France, France) NiTi instruments in straight root canals. The amount of debris and the morphology of smear layer were parameters for the evaluation of the cleanliness of root canals.
Thirty freshly extracted human single-rooted maxillary incisors, extracted for periodontal reasons, were selected. The teeth with curvature lower than 20° were chosen because the degree of canal curvature was determined using the Schneider method [7] . The inclusion criteria were: morphological similarity, single-canal root, absence of root decay and absence of previous endodontic treatment, root length of at least 15 mm and maximum apical diameter of ISO size #20. The crown of each tooth was removed at the level of the cementum-enamel junction in order to obtain similar root segments of approximately 14mm in length (The purpose is to obtain root segments similar in length). Two parallel longitudinal grooves were prepared on the mesial and distal surfaces with a diamond bur, in order to facilitate vertical splitting with a chisel after canal instrumentation. The grooves were not deep enough to enter the canals. Patency of the apical foramina was standardized by inserting a 15 K-file (FKG, La chaux-de-Fonds, Switzerland) so that the tip was just visible. Individual working length was calculated 1 mm short of this position. Teeth with apical diameters larger than size 15 were excluded from this study. 
Materials and Methods

Selection of root canals
Canal preparation
Canals of both groups were irrigated during instrumentation and between each file change with 10 ml of 2.5% NaOCl solution followed by 2 ml of 17% EDTA solution left in situ for 3 minutes and by saline solution as a final rinse to remove any effects of irrigants. Then, the canals were dried with paper points.
The irrigating solutions were frequently replaced to maintain their effectiveness. All irrigation procedures were delivered with a 27 gauge endodontic needle (Molteni Dental, Firenze, Italy). The irrigation needle was placed as far apically as possible without binding in the canal. The irrigation procedure was passive. A 20:1 reduction hand piece (W&H Dentalwerk Bürmoos GmbH, Bürmoos, Austria) powered with a torque-controlled electric motor (Tecnika Digital Torque Control Motor: ATR S.r.l., Pistoia, Italy) was employed for both instrumentation groups with a constant rotation of 300 r.p.m and recommended torque of 0.8 N/cm.
The Revo-S instrumentation was completed according to the manufacturer's instructions. All canals were sequentially prepared to the apical size of 30. The first instrument used was SC1 (25-. Each sample was split into two halves with a stainless steel chisel. The sections were prepared for SEM analysis: they were dehydrated in graded concentration of alcohol (70%, 80%, 90%, and 100%), dried with a critical point drier, gold sputtered and observed with SEM. Photomicrographs of the cervical, the middle and the apical third of each canal with a magnification of 350x (for debris score) and 1500x (for the smear layer) were taken for final evaluation. In a blind manner, one investigator (Professor in Endodontics) scored the presence or absence debris and smear layer on the surface of the root canal at the coronal, middle, and apical portion of each canal.
SEM preparation
The cleanliness of each root was evaluated at three areas (coronal, middle and apical) by means of a numerical evaluation scale scoring system consisting of following 4 criteria [8] . Scores for the superficial debris: 
Scoring system
Scores for the smear layer:
• Score 1: Absent, more than 75% of tubules exposed and free from smear layer. Tubules completely opened.
• Score 2: Present in limited areas, less than 75% of tubules uncovered. Tubules partially opened • Score 3: Present, tubules visible in limited areas and partially closed. Less than 50% of dentinal tubules visible.
• Score 4: Homogeneous smear layer present above all dentin. Dentinal tubules not visible.
Data were plotted in the SPSS Statistics (Developer(s) IBM Corporation, Ver. 17, license: proprietary software, statistical analysis) program and analyzed with the T test of independent specimens, at a significance level of P<0.05.
Analysis of Data
The mean scores of debris and smear layer between groups recorded at coronal, middle and apical thirds are shown in Tables 1 and  2 . Completely cleaned root canals were not found after instrumentation with any of both instruments [9] . Debris and smear layer were observed after instrumentation in both groups and in all three parts of the root canal. The instrumented canal walls from both groups appeared smooth and exhibited varying amounts of remaining debris and smear layer along the entire length of the root canal. In the coronal and middle thirds, the canal walls of both instrumentation groups were clean, with no debris or only few debris particles. No smear layer or only small areas of smear layer were observed. The orifices of the dentinal tubules were clearly visible and open (Figures a, b, c, d , g, h, i and l). There were no significant differences between the two instrumentation groups at the corresponding canal parts (P > 0.05). In the apical region, there were higher amounts of debris and smear layer in both instrumentation groups compared to the coronal and middle regions (Figures e, f, m and n). Differences between the two systems were no significant in the apical third concerning residual debris and smear layer (P > 0.05). In this study root canal shaping was performed in extracted human teeth. However, extreme care was shown during the selection of the experimental teeth to reduce the number of anatomical variations. Another methodology for the assessment of root-canal shaping technique is the use of acrylic blocks. Simulated root canals allow standardization of root canal diameter, root canal length and radius of the canal curvature. On the contrary, the hardness and abrasion behavior of acrylic resin and root dentine may not be identical. Despite variations in the morphology of the natural teeth, efforts were made to ensure comparability of the experimental groups. For example, the teeth in both groups were balanced with respect to the angle, length, and dimensions [17] . The present study used human teeth although these can show large variations in dentine hardness and root canal morphology. Their use seems to be the only way to evaluate the cleaning ability of a preparation technique. The SEM technique produces images of high resolution and magnification [8] . However, only the surface can be examined, and the depth of debris cannot be determined precisely. Preparation of the specimen may also induce artefacts [18] . Another weakness of the evaluation of the micrograph was that the measurements of debris and smear layer were arbitrary and at best ordinal in nature. And there is currently no consensus in the standardization of measurements of debris and smear layer [18] . At low magnification (350x) large amounts of debris can easily be seen, but details such as remnants of the smear layer or identification of dentinal tubules need higher magnification (1500x). A disadvantage of using higher magnification is the small size of the area of evaluation, potentially leading to misinterpretation [2] . Another important fact that needs to be emphasized is that efficient cleaning does not necessarily depend only on the type of instrument or instrumentation technique used. In order to dissolve debris and smear layer, chemical irrigation solutions are recommended along with mechanical instrumentation [18] . In our study we used the combination NaOCl and EDTA because it was recommended by different Authors [3, 5, [19] [20] [21] [22] [23] [24] . Baumgartner and Mader [25] found that alternating solutions of EDTA with NaOCl was the most effective combination to produce clean root canal walls. Their study demonstrated the importance of using a chelating agent such as EDTA in combination with NaOCl, to effectively remove the inorganic and organic components of the smear layer. However, this did not produce the expected smear-free surface in the apical third of the canal [9, 18, 19] . The concentration of NaOCl used in our study was 2.5% according to different studies [2, 15, 25] and the concentration of EDTA was 17% which was suggested by different Authors [6, 15, 21] . Final rinse was made with saline solution to neutralize any erosion after use of EDTA [19] . The results showed that the coronal and the middle third of each canals prepared using both systems by crown-down technique method were significantly cleaner when compared with the apical third. No debris or only few debris particles and no smear layer or only small areas of smear layer were observed.
Results
Apical third scores
Discussion
The reasons for this could be: -Unique design of Revo-S and CMA instruments, asymmetrical cross section concerning the Revo-S and equilateral cross section concerning the CMA causing efficient cutting in the coronal and middle third. -Both instruments have a larger taper (4% and 6% for the Revo-S and 6% and 8% for the CMA) which allow effective shaping and cleaning due to good cutting contact and to continuous smooth funnel shape, that may allow penetration of needle and irrigating solution and sufficient irrigation flow that might have allowed more removal of smear layer and debris during biomechanical preparations procedures [22] .
-Positive rake angles of instruments cut more efficiently than neutral or negative rake angles, which scrape the inside of the root canal.
Conclusion
The present results indicate that apical third of all root canals was significantly less clean than the middle and coronal thirds regardless of the instrument used [5, 15] . The apical part of the root canal is very difficult to clean because of its dimension, which can prevent effective penetration of irrigating solutions [3] . Predentine, dentine grooves and depressions were observed in the apical thirds on both groups. Their presence suggests that several areas of dentine were not cut and shaped by these instruments. It is possible that the greater number of wall irregularities of this portion of canal such as depression and grooves may be responsible for the presence of uninstrumented areas [4, 15] .
These observations are in agreement with other studies which showed the limited efficiency of all instruments in cleaning the apical part of the root canal [3, 4, 5, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . In this study, apical instrumentation was performed with a 30 size file with 0.06 taper [28] . The use of a larger file would be more liable to remove a greater portion of smear layer and debris from the apical thirds [4] . The penetration of irrigants to the apical third of canals may depend on the final size of the instrument used in the canals: Yang, et al. [5] recommends using larger apical taper to optimize irrigation in this area. The increased taper allowed for deeper penetration of the irrigation solution and improved flushing of debris and smear layer. Also the use of activated irrigation may optimize the cleaning of the apical third of each canal [29] .
Within the limitations of this study, the use of Revo-S and CMA instruments in combination with NaOCl and EDTA solutions produced a clean and debris-free dentine surface in the coronal and middle thirds. On the contrary, these instruments were unable to produce a dentine surface free from smear layer and debris in the apical third. Complete cleanliness was not achieved by any of the techniques and instruments investigated.
